ABSTRACr keep the partial derivative:
whers, it decreased slightly with increasing VPD for leaves with low leaf nitrogen concentrations. The calculated value of dE/dA was constant for leaves with high leaf nitrogen concentrations but was not constant for leaves with low leaf nitrogen concentrations. However, the predicted values of stomatal cooductae, transpiration rate, and assimilation rate for a constant X = 220 moles H20/mole C02 and the measured values fit the y = x line for all nitrate treatments. These data extend the experimental support for the optimal water use efficiency hypothesis for a C.4 plant grown under different nitrate concentrations.
Transpirational water loss from leaves, a necessary consequence of photosynthetic CO2 assimilation in terrestrial plants, is controlled by guard cells (12). Many workers have used various forms of the ratio of photosynthetic rate to transpiration rate, WUE3, to study how guard cells are affected by the environment (27) . The instantaneous WUE is maximized when the stomata are closed and both A and E approach zero (23) . Otherwise, WUE depends on the relative concentration difference of H20 and CO2 between leafand air (27) . Because 
constant. The magnitude of the constant, A, may be largely determined by plant water relations (7, 8, 10, 16) , although other factors also may be involved (8, 10) .
Direct determination of dE/dA is usually done by altering the VPD to change g and measuring the resulting E and A (11). The hypothesis of optimal stomatal conductance has experimental verification where OE/OA was calculated and found to be relatively constant with respect to VPD (1, 2, 11, 13, 16, (20) (21) (22) 29) . As far as we know, the constancy of OE/OA has not been determined for a C4 plant or for changes in N, although some studies suggest this would be the case (10, 26) . Determination of OE/OA is important because C4 photosynthesis has a different environmental gain, OA/Og, from that of C3 photosynthesis (18) . Therefore, stomatal response to VPD in C4 plants must be different than in C3 plants to keep OE/OA constant.
Even though nitrogen nutrition affects leafwater relations (14, 25) , Farquhar (10) hypothesized that X should remain the same for various nitrogen treatments. In a companion study, it was found that leaf water potential was equal between nitrate application treatments; however, there were differences in leafosmotic and pressure potentials ( 17) The OE/OA was estimated by the ratio of finite differences:
(dE/dg)/(dA/dg) = (AE/Ag)/(AA/Ag) = A (2) for a 2% increase and decrease of g (29) . The effect of g on E (dE/dg) was calculated by iteration from Fick's law of diffusion: (15) . To compare conductances in series, the reciprocal ofconductance, resistance, is used (15) . The boundary layer resistance was only 1 to 5% of the stomatal resistance for small low N leaves, whereas for one large leaf from the 45 mm nitrate treatment, the boundary layer reistance was 50% of the stomatal resistance, although 5 to 15% was typical.
The best fit to the data ofrelative PSmax with TL was a second order polynomial equation (Fig. 2) . The firt derivative of this equation was equal to 0 at 35.6C, which is very close to the selected "optimum" TL for all other gas exchange measurements. This response was also similar to other Amaranthus species with an optimum temperature of about 35C (5, 19, 24) . One polynomial regresion equation was fitted to the data because there were no significant differences among treatments. However, the data show a trend of higher relative PSmax with high N at low TL. and the energy budget equation of Gates (15) . The effect of g on A (dA/dg) was calculated for the 2% change in g by iteration of Fick's law of diffusion of CO2 and an empirical equation (28): (4) where PSmax was dependent on the predicted change ofTL from the energy budget equation and Eq. 3. Predictions and simulations of g, E, and A, were done by specifying g from 10 to 490 mmol m 2 s-' and calculating the dE/dA for each g. The specific g, E, and A were selected to result in a dE/dA slightly less than or equal to a chosen X. The predictions used the same values of the environmental variables and PSmax as the experimental data, so that the predicted g, E, and A could be compared to the measured data. For the simulations, values for the PSmax and environmental variables were chosen to represent average leaves and average conditions from each nitrate treatment.
RESULTS AND DISCUSSION
The g&, for filter paper leaf replicas was a complex function of leaf area (Fig. 1) . Replicas with small area (3-6 cm2) had a different position in the leaf cuvette than those with an intermediate (6-17 cm2) or large area (17-42 cm2). The intermediate and large leaves were nearer to the center of the cuvette, where gb was inversely proportional to area (Fig. 1) . The air flow was not laminar in the cuvette but directed perpendicular to the abaxial side by the fan. The interpretation of Figure 1 is that 5 10 1A 20 25 Figure 3 . For a X of 220 mol H20/mol CO2 (obtained from the data presented below), simulations of g, E, and A show that the optimum g and A should decrease with increasing VPD for the 45 mM nitrate treatment, but should not change for the 1 mM nitrate treatment (Table I) . Measured g decreased with increasing VPD (Fig. 3) . The decrease was large for the 45 mM nitrate treatment and small for the 1 mm nitrate treatment. For the 45 and 10 mm nitrate treatments (Fig. 4) , the OE/OA was constant with a mean (± SE) of 220 ± 15 mol H20/mol CO2. For the 1 and 5 mm nitrate treatments, the OE/c9A was not constant and larger than the 45 and 10 mm nitrate treatments (Fig. 4) . The ratio of E to A increased with VPD for all nitrate treatments (Fig. 5 ).
Guard cells of many plants have been shown to close with increasing VPD (12). Because g ofotherAmaranthus sp. responds to changing VPD (3, 4, 9, 19) , it is not surprising that g of A.
powellii decreased with increasing VPD (Fig. 3) . Although the ratio of E to A increases with VPD (Fig. 5) , it does not increase as fast as it would have had g remained constant (compare 45 and 1 mm treatments, Fig. 5) . The E to A ratio should increase if OE/OA is a minimum (6, 8) .
The value of the optimal conductance hypothesis is that realistic simulations and testable quantitative predictions can be readily generated. This hypothesis predicts that g should not decrease with increasing VPD at low N ( Table I ). The experimental data are consistent with the simulations (Fig. 3) . As far as we know, this is the first study to find an interaction of the VPD response of g with N. However, the data are not totally conclusive because the ranges of VPD obtained for each nitrate treatment are not equal (Fig. 3) . The nonequal ranges are the result of limitations of the gas-exchange apparatus used, because flow rate was varied to keep Ca = 340 gbar/bar and could not be used to change the cuvette humidity (13) .
The dE/dA was constant for the 45 and 10 mm nitrate treatments but not for the 5 and 1 mm nitrate treatments (Fig. 4) . Strict testing of the optimal conductance hypothesis would lead to its rejection because dE/dA was not constant at low N. Farquhar's (10) hypothesis of equal magnitudes of A for various N also would be rejected (Fig. 4) . The variation of A is not due to differences of xylem pressure potential between treatments but may be from differences in leaf pressure or osmotic potential (17) . However, a simpler explanation exists for this variation.
The predicted g for A = 220 for all nitrate treatments versus the measured g fit the line y = x with an R' = 0.758 (Fig. 6 ).
This X was selected to give the best fit (highest R2) to data from all treatments. The predicted E versus measured E did not fit the line y = x as well as did the predicted g (Fig. 7) , whereas, the predicted A versus the measured A fit the y = x line best (Fig.  8) . The value of X is also the mean for the 45 and 10 mm nitrate treatments (Fig. 4) . The g from the 1 mM nitrate treatment fell just under the y = x line, reflecting the higher calculated X (Fig. 6) . The magnitude ofthe calculated X in this experiment probably depends on the curvature of E versus A (Fig. 9) . The curves (Fig.  9) are simulations of E versus A if only g varied under constant conditions. For the 1 mm nitrate treatment, the curve bends very sharply, and only a small range of g can keep dE/dA (slope of the curve) constant at 220 mol H20/mol CO2. Small experimental errors of g could change the magnitude of X a large amount in the sharply curving region (Fig. 9) . However, for the 45 mm nitrate treatment, the E versus A curve bends slowly, and a large range of g would result in an approximately constant dE/dA at 220 mol H20/mol C02 (Fig. 9) . These results are similar to those of Williams (29) for the C3 plant, Rhamnus californica, where dE/dA during the early and late periods of the day (low E and A) were much larger than the constant dE/dA of 600 mol H20/ mol CO2 during the middle of the day (high E and A). The predicted values of g, E, and A for this species, compared favorably with the experimentally measured values of g, E, and A (29) . For two mangrove species, the g, E, and A were in the sharply curving region of the E versus A curve (1, 2 
